Background: Increases in body mass index (BMI) and the prevalence of overweight in low-and middle income countries (LMICs) are often ascribed to changes in global trade patterns or increases in national income. These changes are likely to affect populations within LMICs differently based on their place of residence or socioeconomic status (SES).
Introduction
In the past two decades, mean BMI has increased in lower income countries, prompting some researchers to argue that obesity and chronic disease prevention should become higher public health priorities in these areas [1] [2] [3] [4] [5] [6] [7] [8] . Many authors have linked increased body weight in lower-income countries with economic development, suggesting that that ''globalization,'' or worldwide integration of culture, trade and foreign investment, has changed the supply and demand of food by altering trade and employment patterns and cultural norms around ideal body size [9] [10] [11] [12] [13] [14] [15] .
Examinations of the effects of globalization on health have measured globalization using two types of national economic indicators. Some studies have assessed the associations between per capita income, measured as per capita GDP (gross domestic product) or GNP (gross national product) and BMI, with the underlying assumptions that exposure to global markets increases with national income, and that increased per capita income leads to higher BMI either through greater resources available to purchase foods or through changes in labor requirements leading to increased sedentary employment [12, 16, 17] . Ecological analyses have identified a positive association between per capita income or GNP and mean BMI and rates of overweight and obesity [18] [19] [20] . In contrast, other authors measure globalization using indicators of openness to trade in food and food preparation technology, often measured as rates of foreign direct investment (FDI) or annual tariffs. Openness to trade is expected to increase body mass and prevalence of obesity by increasing the availability and decreasing the price of process foods and food preparation technologies, and by exposing populations to marketing campaigns promoting processed foods [10, 13, 21, 22] . While case studies of obesity and foreign investment in processed foods in developing countries, notably China, argue that these two phenomena are linked [23, 24] , recent studies found that associations between levels of overall FDI, mean tariffs, or GDP and prevalence of overweight were positive but not significant among most populations across a selection of low-and middle-income countries [25, 26] .
The current discourse on globalization and obesity focuses on national-level trends in dietary consumption and body weight; however, broad changes in food availability and consumption will have differential effects on individuals within populations based on their geographic location and socioeconomic status [27] . Social and geographic literature on globalization emphasizes that economic polarization and spatial segregation, both between and within countries, accompanies the internationalization of trade [28, 29] . Authors who have considered the public health effects of globalization have also emphasized its potential for increasing economic inequality and exacerbating health disparities [30, 31] .
Urban-rural differentials are particularly important to consider in the context of globalization because of the role cities play as nodes for international trade and culture [32, 33] . Evidence on urban-rural differentials in mean BMI and obesity in developing countries generally suggests that urban residents are heavier than rural residents [17, [34] [35] [36] , but that, in higher income countries, mean body weight of urban and rural populations is similar [37] . Several authors have investigated the association of national-level urbanization with BMI. One study using data from 70 countries across the development spectrum found inverse associations between SES and BMI within more urbanized countries [38] . However, this study did not adjust for national economic development, which is likely to be correlated with urbanization and is also likely to affect body weight. A study adjusting for national GDP found no association between national-level urbanization percent and prevalence of overweight [39] . More importantly, studies that only consider urbanization as a nationallevel construct miss the opportunity to illuminate and quantify urban-rural disparities in health, and to more fully capture the effects of broad economic changes on individual health.
Because economic development associated with globalization is also likely to differentially affect wealthy and poor populations, it is also important to consider changes in socioeconomic differentials in health as a possible outcome of globalization. While studies in a few middle-income countries have identified null or inverse associations between SES and BMI or overweight, particularly within urban areas of developing countries [18, 35] , recent crossnational analyses have shown that, in general, there is a persistent and positive association between socioeconomic status (SES) and BMI in developing countries [40] [41] [42] . Moreover, many assessments of the direction and strength of the association between SES and BMI or overweight are based on urban samples only [18, [43] [44] [45] . Given that global changes are likely to have differential effects in rural areas and among the poor, it is especially important to assess the differential impact of ''globalization'' measures across locations and socioeconomic group.
Data and Methods
This analysis uses ecological and multilevel analyses to assess associations between changes in national-level GDP, foreign direct investment (FDI), and tariffs on BMI and prevalence of over and underweight among adult women. Individual-level data for this study came from Demographic and Health Surveys (DHS) of women of reproductive age (15-49 yrs.) conducted in 38 countries at two time periods between 1991 and 2010 [46] . To select surveys for inclusion in the analysis, we identified the earliest and latest survey from countries where two or more surveys had been fielded after 1990. The DHS are household sample surveys measuring indicators of population health, maternal and child health, and nutrition [47] . The target population in these DHS surveys included all women or ever-married women of reproductive age, with either the full sample or a subsample of women selected for anthropometric measurements.
DHS surveys employ extensive interviewer training, standardized measurement tools and techniques, an identical core questionnaire, and instrument pretesting to ensure standardization and comparability across diverse sites and time (see www.measuredhs.com/pubs/pdf/ DHSG4/Recode4DHS.pdf) [48] . The surveys use a multistage stratified design with probabilistic sampling, with each elementary unit having a defined probability of selection [49] . Each survey was stratified by urban and rural status and by country-specific geographic or administrative regions. Detailed sampling plans are available from survey final reports at www.measuredhs.com/pubs/search/ search_results.cfm?Type = 5&srchTp = type&newSrch = 1 [50] . Response rates for the surveys are generally high, ranging between 88-99% of households and 85-95% of women within households [51] . Because the surveys collect representative data, and have been using a similar survey protocol for the past 20 years, the DHS is a valuable data source for studying population health across developing countries [52] [53] [54] .
National-level data on gross domestic product, foreign direct investment, and net national commodity inflows were taken from a variety of academic and international databases. Table 1 lists the sources of each of these data.
Study Population and Sample Size
This study uses a pooled cross-sectional design, incorporating data from 38 countries and two surveys per country. The initial sample included 1,028,441 women interviewed in 38 countries. 
Outcome Measures
The primary outcome for this analysis was body mass index (BMI) among non-pregnant DHS respondents ages 15-49 years. Respondent BMI was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). Weight was measured by trained investigators using a solar-powered scale with accuracy of 6100g, and height was measured using an adjustable board calibrated in millimeters [48] .
BMI was chosen as the primary outcome because it provides a readily available measurement of adiposity, it is comparable across countries and settings, and it has been found to be strongly correlated with the densitometry measurements of adiposity commonly cited as the ''gold standard'' of adiposity measurement [55] . BMI is a particularly useful outcome to consider because it encompasses the full spectrum of body weight, from under-to over-nutrition, that may be present in developing societies. Additionally, some evidence suggests that risks of coronary heart disease and all-cause mortality increase at BMI levels less than 25 kg/m 2 , particularly among persons of Asian descent [56] [57] [58] [59] , making standard over-and underweight cut-off points less useful for understanding disease risk in these populations. Percent overweight (BMI.25 kg/m 2 ) and percent underweight (BMI, 18.5 kg/m 2 ) were included as secondary outcomes to encourage comparison of results with other studies using these outcomes. Overweight is a commonly recognized marker of individual chronic disease risk [60] , and underweight is a well-recognized indicator of poor nutrition in developing countries.
For individual-level analyses, the outcome variables used were either measured BMI or over-and underweight status of individuals. For ecological analyses, we calculated mean BMI or percent overweight for each country and survey year, and estimated the average annual change in national mean BMI or proportion over-or underweight. These annualized changes served as outcomes in the ecological analyses.
Independent Variables
The primary predictors in these analyses are national per capita GDP, FDI in 2005 dollars as a percent of national GDP, and average tariff rates, entered into models as continuous variables centered around the grand mean. Because economic variables are expected to have a lagged effect on individual body weight and data on GDP and FDI were readily available, both these variables were entered into models as the average of values from the survey year and five prior years. Because average tariff data was sparse for years prior to 2000, the estimated average tariff for the year of survey only was included in models. For country and survey years where data were not reported by the World Bank, values were imputed linearly from existing data before and after the survey year within each country. Additional details on these data and data sources are provided in table 1. Average annual changes in Table 2 . Cont. each of these variables were included as predictors in ecological analyses. Individual-level analyses included both main associations of national economic variables and interactions between nationallevel variables and markers of SES and urban residence. SES, as measured using a wealth index, and urban residence were included in the analysis as modifiers. Urban residents were respondents living in an urban area as defined by the national census or statistical bureau in each country at the time the survey was conducted, and is measured at the level of primary sampling unit. The primary measure of SES was an index of overall household assets. This index compares the wealth of respondents within countries by comparing the assets available within households in each country. The index was calculated using principal components analysis (PCA): z-scores for each variable measuring a household's assets and utilities were developed, PCA was conducted on these standardized variable to identify the principal component underlying asset ownership, and the values of the indicator variables were multiplied by the factor loadings for each household and summed to produce a standardized household index value with a mean of 0 and a standard deviation of 1. This standardized score was then divided into quintiles for each country [61] [62] [63] .
All individual-level models were also adjusted for respondent age, educational attainment, marital status, and year of survey. Respondent age was entered to the models in 5-year age categories. Educational attainment was specified as having no education or incomplete primary education, having completed primary education, or having some secondary or higher schooling. Marital status was entered as a binary variable, with ever-married also including widowed, divorced, and co-habiting women. Year of survey was entered as a categorical variable, with 1991 as reference.
Analysis
The analysis plan included both ecological analyses assessing the association between average annual changes in national-level economic variables and changes in BMI and proportion overweight and underweight, as well as multilevel models incorporating both individual-and national-level predictors of BMI. For country-level ecological analyses, we estimated ordinary least squares regression analyses with robust standard errors, using the following single level model:
In the model above, i represents country. A series of ecological models were fitted. First, we estimated the association between change in GDP on changes in BMI. Next, we estimated the association between change in FDI and BMI after adjusting for GDP, and the association between change in tariffs and BMI after adjusting for GDP. Multilevel linear analysis was used to estimate the associations of individual-and national-level predictors on BMI. We modeled these data using a four-level data structure, with individuals nested within primary sampling units (PSUs), sampling regions, and countries [64] . While the DHS samples all eligible women in sampled households, most households had only one respondent in most countries (average household size across all countries in time 1: 1.19 women; in time 2: 1.35 women.) For this reason, clustering by household was not incorporated into the data structure. Associations were estimated using the following random-intercepts model:
h w x ijkl z(f 0l zv 0kl zu 0jkl ze 0ijkl )
In this equation, i,j, k, and l represent the individual, sampling unit, region, and country, respectively. Y is the respondent's BMI, x (q) is the q-th individual-level predictor, x (r) is the r-th PSU-level predictor, and x (s) is the s-th country-level predictor and x (w) is the w-th year indicator; b, c r , and d s represent the associations of individual-, PSU-, and national-level predictors, respectively; and h w represents the association of being surveyed in year w.
Residuals at all four levels (f 01 , v 0kl , u 0jkl , e 0ijkl ) are assumed to be normally distributed with mean zero. In the secondary analysis, probability of under-and overweight were modeled as outcomes using similar equations with a multinomial outcome and normal weight as the reference group. The analysis strategy for the multilevel analyses was as follows: we first fit models including individual-level predictors such as age, educational status, and wealth index; year of survey; urban residence; and the main effect of per capita GDP. We then assessed whether the association between GDP and BMI differed by type of residence and household wealth by adding cross-level interaction terms. Finally, we assessed the main associations interacted with urban residence and wealth of FDI or average tariff rates after adjustment for individual-level covariates and per capita GDP. The secondary analysis with under-and overweight as outcomes followed the same pattern. Because a large proportion of the final sample came from two surveys conducted in India, we conducted a sensitivity analysis with data from India excluded to ensure that results were not driven primarily by these surveys. Multilevel models with the continuous BMI outcome were estimated using an interactive generalized least squares estimation algorithm. Models with the non-linear outcome used the MQL estimation procedure and first-order linearization. Descriptive statistics and ecological models were calculated using Stata SE 12.0 [65] and multilevel models were estimated using MLwiN 2.25 [66] .
Results
National-level GDP per capita, FDI, and average tariffs are summarized in table 2. Of the 38 countries included in this analysis, 11 had GDP per capita less than US$ 1,000 and 18 had GDP between US$ 1,000 and US$ 4,000 in the later round of surveys. The country with the highest GDP per capita was Turkey (US$ 8,465 in 2003.) In the later round of surveys, the lowest percent FDI was in Nepal (0.02% in 2006) and the highest was in Jordan (6.76% in 2007). Fifteen of 38 countries had FDI that was table 4 . There were positive but non-significant associations between changes in GDP and FDI and changes in BMI, and no association between change in average tariff rates and change in BMI. There were also positive but non-significant associations between change in GDP and change in both percent overweight and underweight (tables S1 and S2). table S5 ). In analyses using the full dataset, GDP had a small but positive main association with BMI (0.140 kg/m 2 increase for every US $1,000 increase in GDP, 95% CI: 0.060, 0.220). However, this result was not seen in either the ecological analysis or in the multilevel analysis excluding data from India: neither of these showed a significant association between GDP and BMI.
Both urban residence and wealth had significant and positive associations with BMI (urban association: 0.493 kg/m 2 , 95% CI: 0.458, 0.528; association with highest wealth group compared to lowest: 2.001 kg/m figure 2) . Results of the secondary analysis with overand underweight as outcomes show similar patterns, with overweight positively and underweight negatively associated with national GDP, urban residence, and wealth (table S6). However, there was a small but positive differential association of GDP per capita on underweight among urban residents, suggesting GDP increases may have less of a beneficial impact on under nutrition among urban populations (adjusted odds ratio for GDP per capita among rural residents: 0.906, 95% CI: 0.890, 0.922; adjusted differential odds ratio for urban residents: 1.030, 95% CI: 1.020, 1.041).
Associations of FDI as percent GDP with BMI are presented in table 6 . As expected given the results of the ecological analysis above, there was no main association of FDI on BMI after adjustment for GDP (estimated effect of one percentage point change in FDI/GDP: 0.000 kg/m S7) .
Associations between average tariff rates and individual BMI are presented in table 7. While there was no significant main association of average tariff rate on BMI (estimated association with one percentage point change in tariff rate: 0.003 kg/m 2 , 95% CI: 20.001, 0.007), there were significant interactions between both urban residence and tariff rate and SES and tariff rate. Tariff rates had a stronger positive association among urban residents 
Discussion
The ecological analyses presented above indicate that there were no significant associations between change in economic factors and change in BMI or prevalence of overweight at the national level. However, multilevel analyses found that individual wealth and place of residence modify the associations between these national-level indicators and BMI, underscoring the need to measure how national trends affect both mean changes in health indicators and how they increase or decrease health disparities.
These analyses also suggest that, among rural and poor women in the countries included in this study, increasing GDP is associated with increased mean BMI, decreased odds of underweight, and increased odds of overweight. In the poorest countries, these women tend to have lower body weight than their urban and wealthy counterparts in lower income countries [17, 34, 35, 40, 67] . However, in middle income countries both within and outside this study, such as Mexico and Egypt, prevalence of overweight and obesity in rural areas is substantial, and is quickly catching up to prevalence of overweight and obesity in urban areas [68, 69] .
Both measures of economic openness tended to have the same result: increased openness, whether measured through increases in foreign investment or decreases in average tariff rates, tend to have strong associations with the BMI of the wealthiest respondents or respondents living in urban areas. This finding confirms that those who are expected by globalization to have the most access to global markets in developing countries -wealthy urban residentssee the strongest associations between trade openness and BMI. This also suggests that, as openness to trade increases, the variability in BMI across the population may also increase, leading to higher rates of both under-and overweight, rather than a general shift of the population distribution of BMI away from underweight.
The inverse association between FDI and BMI among only the wealthiest respondents is notable, and does not fit with the general trend of positive associations between indicators of development or trade openness and BMI. This finding may suggest that increased foreign presence leads to shifts in perceptions of obesity. One possible mechanism underlying this shift is changing attitudes toward obesity among the wealthiest in places with increased exposure to foreign cultural influences. Studies have found that high body mass is generally positively perceived among women in Africa [2, 70, 71] , though not in India [72] , and the literature on globalization and obesity argues that Western cultural norms about obesity and body weight will also become more prevalent in developing countries as a result of globalization [9, 10] . High-SES and urban women may exhibit these changes first because they have increased exposure to media and marketing.
This study has several limitations and strengths. First, the global scope of this study serves as both a strength and a weakness: while, on the one hand, the breadth of the population included allows for the identification of broad international trends in mean BMI, it at the same time makes it difficult to pinpoint specific mechanisms, such as behavioral trends, policy changes, or environmental modifications, linking trade or development and BMI. Particularly missing from this study is information collected at the city or regional level; while our study includes individual and national data, regional economic development trends and the local built environment are likely to affect nutritional status as well. Studies including more detailed economic data from smaller geographic areas, data collected over a longer time span, and longitudinal data on both women and men could provide more nuanced information on the roles of trade and economic development in shaping individual health over time.
This analysis uses recent data from Demographic and Health Surveys, which are primarily conducted in lower and lower-middle income countries. Consequently, the geographic scope of the analysis is somewhat limited, and several middle-income countries that frequently appear in the literature on chronic disease, including China, Mexico, and Brazil, are not included in this Table 7 . Associations between tariff rates and BMI and interactive associations of tariff rates and wealth and tariff rates and urban residence with BMI. analysis. This limits the generalizability of these findings primarily to lower-income countries, where rates of obesity and overweight are relatively low. The surveys used in this analysis were conducted at different times across countries, and the measures of urban residence and overall wealth are country-specific. In this analysis, urban residence is defined by each country, and these definitions vary widely within regions [73] [74] [75] . The definition of urban residence used is dichotomous; while this is the most commonly used type of definition for most applications and will be most familiar to both researchers and policymakers, several authors have suggested that an urban gradient would be a more informative measure for understanding the effects of type of residence on health [73, 76] . The wealth index measure used as a proxy for SES was designed to be comparable across countries [63] , but does not account for changes in national wealth over time. Finally, this analysis does not include measures of SES that would be particularly relevant for assessing the effect of SES and employment type on BMI, particularly in rural areas. The wealth measure is an imperfect proxy for SES in rural areas because these measures incorporate housing infrastructure that is more likely to be found in urban areas [62, 77] . Specific data on the type (agricultural, non-agricultural) and nature (sedentary, active) of respondents' employment, which could affect BMI by reducing physical activity or increasing income, are not included in this dataset. Finally, because the individual-level data used only includes information collected from women, the role of gender in modifying the effects of economic development on health cannot be investigated here [78] . There are also limitations to the data on GDP and FDI used. The data on FDI is not fully comparable across countries, because of national discrepancies in the definition of FDI, methods of collecting FDI data, and accounting and valuation practices [79] . Because the trade data assembled and disseminated by the FAO is collected by national agencies, there are likely to be differences in the quality of the data collected due to disparities in local data collection capacity and resources [80] . Additionally, the macroeconomic indicators proposed for this analysis are relatively crude markers of national trade and food environments, and incorporating only six years of GDP data may be too short a span to identify associations between these indicators and individual body weight. Finally, the availability of data on tariff rates was limited, particularly for years prior to 2000; for this reason, an imputed estimate of tariffs for the year of survey only was used. Because data on tariffs prior to the survey year were not incorporated into the analysis, these results do not account for the potential lagged effect of tariff reductions on body weight.
Finally, while the ecological analyses failed to identify significant associations between national change in economic indicators and mean body weight, this may be due to the small number of countries and short timeframe included in the dataset. However, recent models of adult metabolism have suggested that weight change as a result of changes in caloric intake happen relatively quickly, with half of body weight increase occurring within one year and 95% within three years [81] , making the 3-18 year spans between surveys included in the analysis a valid time period in which to assess population changes in body weight.
To summarize, this analysis does not identify large or statistically significant associations between changes in economic development indicators and mean changes in BMI. However, there appear to be marked differentials in how these indicators are associated with BMI among individuals within populations of lower-income countries. While GDP and FDI tended to be positively associated with BMI among poor, rural individuals, increasing tariffs tended to be associated with increases in overweight among the wealthiest, and also led to small increases in underweight. These divergent findings underscore the complexity of the effects of development on health, the variety of mechanisms through which cultural change may effect body weight, and the importance of considering how the health effects of ''globalizing'' economic and cultural trends are modified by individual-level wealth and residence. 
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